Coccidioidomycosis, caused by inhaling Coccidioides immitis, is a mycosis imported from endemic regions including the southwestern United States. C. immitis is so virulent that even a short-term stay in the endemic area can provide a chance for infection. Here, we report a 33-year-old Japanese man with formation of a fungus ball inside the pulmonary cavity secondary to coccidioidomycosis with a duration of 8 years, which is considered rare. He was infected with C. immitis in the United States in 1996. A nodule remained in the lung, which later cavitated with fungus ball formation. We identified Coccidioides immitis in the cultured specimen from the cavity and serum antibodies against it. We performed a lobectomy in 2003 since anti-fungal treatment was only temporarily effective. He is still free of disease 6 months later. (Internal Medicine 44: 141-144, 2005) 
Introduction
Pulmonary coccidioidomycosis is caused by inhalation of arthrospores of a virulent fungus, Coccidioides immitis (C. immitis), which is endemic primarily in California, Arizona, Nevada, New Mexico and Texas in the United States. The number of infections is estimated as 100,000 every year in the United States. On the other hand, in Japan, only 31 cases had been reported as of 2001 (1) . Eighty-seven percent of patients with coccidioidomycosis were infected during a stay in an endemic area. This disease has been designated as a notifiable fungal disease since 1999. We present a case of fungus ball formation secondary to cavitary coccidioidomycosis diagnosed by fiberoptic bronchoscopy. Cavitary pulmonary disease due to coccidioidomycosis is common; however, development of both an underlying cavity and a fungus ball due to C. immitis is rare (2, 3) .
Case Report
A 33-year-old Japanese man with complaints of low grade fever and general fatigue was referred to us for further evaluation of a pulmonary cavity increasing in size in the right lower lung field. He had smoked 10 cigarettes daily for 10 years. He had move to Bakersfield, California, in December 1995. While he was there in October 1996, he was found to have right-sided pneumonia, for which he received a course of oral antibiotics (Fig. 1) . A serologic test of his blood for anti-coccidioidal antibodies was positive in November 1996. He was immediately started on fluconazole 200 mg daily and the infiltrate soon disappeared. Fluconazole was subsequently discontinued after 6 months. On a visit to Japan in August 1997, a chest radiograph revealed a nodule in the right lung field. However, the patient did not receive further medication because a pulmonary nodule caused by coccidioidomycosis usually disappears within 2 years without treatment [ Not only fluconazole (300 mg daily p.o. at a total dose of 36 g) but also itraconazole (200 mg daily p.o. at a total dose of 78 g) ultimately failed after temporary effectiveness as shown by the fact that this pulmonary cavity near the pleura grew larger in size with a thicker wall, and might have ruptured into the pleural space or produced a massive hemorrhage ( Fig. 1 ; CT in May 2002 and May 2003). After antifungal treatment for a total of 18 months, he underwent resection of the right lower lobe and 50 mg daily intravenous injection of amphotericin B at a total dose of nearly 1,000 mg at Toneyama National Hospital. The macroscopic view of the resected lung revealed a cavity 1.5×1.0 cm in diameter encapsulated by a thick and fibrous wall (Fig. 3 ). It contained a gray fungus ball of 1.5×1.0 cm in diameter that indented the pleura. Histopathological examination of the fungus ball showed numerous septate hyphae with terminal expansion. Although no typical spherules were found, the morphology of the fungus was compatible with C. immitis (Fig. 4) . We did not cultivate the resected specimen because bronchial wash in September 2001 had already grown C. immitis. The fungus ball which did not involve the lung tissue was surrounded by numerous mononuclear cells and neutrophils. As the fungus ball grew inside the fibrous wall of the cavity, the fungus did not invade into the lung tissue at the periphery (data not shown). The patient has not presented any signs of recurrence as of July 2004. 
Discussion
Although it is estimated that more than 100,000 new infections of C. immitis occur every year in the United States, only 31 cases of coccidioidomycosis had been reported as cases of imported mycosis as of 2001 in Japan (1). The number of cases has been sharply increasing, especially in the last decade. Sixty percent of individuals infected with C. immitis are asymptomatic. The rest present with a mild to moderate flu-like illness (4). Half of symptomatic patients typically show pulmonary infiltrates associated with ipsilateral hilar lymphadenopathy on chest radiograph. Most symptoms disappear within a few weeks. Many patients with localized primary infections and no risk factors for complications may require only regular clinical assessment to assure resolution without treatment but azole anti-fungals for several months is considered for such a patient as our case complaining of night sweats persisting for more than 3 weeks (5). Approximately 5% of patients develop residual pulmonary lesions including small pulmonary nodules or thin-walled cavities near the pleura. Such patients are generally asymptomatic and the lesions in half of them regress spontaneously after a few years. However, 0.5-1.0 % of the patients show extrapulmonary spread, including spread to the skin, bone, and central nervous system, and half of the cases of such spread may be fatal (6) .
Neither detection of antibodies using enzyme-linked immunoassay nor cytological examination by fiberoptic bronchoscopy was contributory to a definitive diagnosis before admission of the patient described here to our hospital. Winn et al. reported that the majority of the cases of colonization and formation of a fungus ball in pleural cavities are due to Aspergillus species, and C. immitis presented radiographically as a fungus ball in only six published reports (3). Therefore we performed bronchoscopy again in an attempt to elucidate the origin of the fungus ball in the cavity. DiTomasso et al. reported that cytological examination alone detected C. immitis in only 35% of the patients whose bronchial wash had already grown C. immitis (7) . Also in the present case, culturing of the sample was necessary to identify C. immitis. the resected lung, the morphology of the hyphae and anthroconidia was compatible with C. immitis. The absence of typical spherules might have been due to the administration of amphotericin B before resection to suppress the infectivity of C. immitis. The titer of the IgG antibody reflects the clinical course of the disease. Approximately 50% of the patients with chronic coccidioidal pulmonary cavities are seronegative by enzyme-linked immunoassay (8) . We therefore utilized an immunodiffusion method as a more sensitive assay to prove a serological response to C. immitis (8) .
Fluconazole is reported to be effective in 55% of 40 patients with chronic pulmonary lesion but 39% of responsive patients subsequently relapse (9) . Cavities are considered to be candidates for resection if they are visible for longer than 2 years in association with symptoms, adjacent to pleura, or increasing in size (4, 5) . In this case, we sequentially administered fluconazole and itraconazole for a year and a half despite unfavorable disease control since the patient hesitated to have a resection. We should have performed surgery earlier than we did, because if surgery is delayed, a cavity near the pleura might rupture and leak into the pleural space.
Conclusion
We do not have sufficient information about imported mycosis. However, we will certainly have increasing opportunities to encounter coccidioidomycosis, considering that the number of reports on this disease rose sharply in the last decade (1) . As shown in this report, C. immitis is a possible cause of a fungus ball. In order to make a diagnosis of C. immitis, we should ask patients about the history of staying in the endemic region, and try to find spherules as a characteristic finding. We must also be aware that C. immitis is a potential infectious hazard to laboratory workers handling cultures.
